I. Introduction
The motor nuclei of the cerebral nerves in fishes have been examined by Black ('17) in Cyclosteomi, Selachii, Ganoidei and Teleostei.
Furthermore, the visceral afferent areas associated with the facial, glossopharyngeal and vagus nerves, and their fiber connections, have been phylogenetically analyzed by Barnard ('36). As accurately described by Herrick ('06, '07), the centers for taste and touch in the medulla oblongata of fishes are generally distinguished into four zones, such as somatic motor, visceral motor and visceral sensory and somatic sensory.
Between these somatic and visceral centers, there is one of the most striking features of the medulla oblongata as observed by Herr i c k. The differentiation of these elements, however, is unlike in various species, although the basic arrangement is the same. For example : Cyprinus carpio, where the gustatory system is feebly developed and the tactile system is strong ; Ameiurus, which exhibits a high development of both gustatory and tactile centers ; and Prionotus carolins, where the gustatory system is moderately developed and the spinal tactile system is greatly enlarged (see Herr i c k, '06, p. 404). The interrelation of the spinal cord and region of the funicular nuclei of *) This investigation was supported in part by a grant for the scientific research from the Department of Education of the Japanese Government, 2 Tadashi Sakoi fishes, however, is a delicate question to be satisfactorily analyzed, and the same with the fasciculus solitarius, the commissura infima Halleri and the lateral-line component of the facialis and the vagus. On the peripheral distribution of the cranial nerves of fishes, there is a precious observation of Norris ('25) in Amia lepidosteus, Polyodon, Scaphirhynchus and Acipenser. And yet, the structure of the centers and its connections in this brain part has an intimate correlatiou with the ordinary feeding reflexes of fishes. ,
The material used in the preparation of this paper, therefore, was based upon the transverse, horizontal and sagittal serial sections of brains of Mugil cephalus, stained with the haematoxylin-eosin and the methods of Nissl, Weigert-carmine, Weigert-Pal and pyridin silver impregnation.
Several series of various teleostean fishes were available for comparison.
II. Description 1. Findings based on the serial transverse series The motor trigeminal nucleus') in this specimen is composed of two groups as described by Black ('17, p. 530) . The dorsal motor trigeminal nucleus occupied a position in the ventricular wall just dorsal to the tractus spino-et bulbo-tectalis ( fig. 1 ) and the ventral motor trigeminal nucleus is a caudoventral extension of the dorsal component ( fig. 2) . The efferent fibers of this nucleus pass ventrolaterally through the tractus spino-et bulbo-tectalis.
The sensory trigeminal root begins to enter the ventrolateral surface of the medulla oblongata.
In this section, the fibers of the acousticus emerge from the nucleus acoustico-lateralis dorsalis et ventralis. Tracing more caudally, the motor root of the facialis emerges as a compact bundle from the rostral motor nucleus of the facialis which is placed for the most part in the ventricular wall, lateral to the most dorsal fibers of the fasciculus longitudinalis medialis (comp. B I a c k, '17, p. 527). This tract turns outside over the radix descendens nervi trigemini (descending trigeminal root) and reaches the lateral surface of the medulla oblongata ( fig. 3 ). The feature of 1) The movements of seizing, mastication and swallowing require the discharge of nearly all of peripheral neurones of the head belonging to the specialized visceral motor system-motor V nucleus for the muscles of the jaw and operculum, motor VII nucleus for the nuscles of the hyoid and its derivatises, and motor IX and X nuclei for the muscles of the gills and oesophagus e r r i c k, '06, p. 405).
this section relatively well accords with that of the description of Bartelmez in Ameiurus melas ('17, p. 120 and fig. 3 ). In this section, the motor fibers of the acousticus originate from the nucleus acoustico-lateralis dorsalis et ventralis, and run ventrally between the radix descendens nervi trigemini and the sensory facial root. The fibers of the sensory glossopharyngeal root enter the medulla oblongata being accompanied with the fibers of the sensory facial root (fig. 4) . In this section, the somatic and the visceral sensory facial roots and the lateral-line component of the faicalis compose a compound bundle at the ventrolateral surface of the medulla oblongata.
The sensory facial root, then, extends dorsomedially to the visceral facial lobe and the lateral-line component of the facialis to the dorsolateral border of the tuberculum acousticum. Tracing more caudally, at the level of the rostral segment of the motor facial root, the efferent fibers of the glossopharyngeal root arise from the motor glossopharyngeal nucleus which is situated ventrolateral to the fasciculus longitudinalis medialis, and then extends laterad and' ventrad to emerge, ventral to the radix descendens nervi trigemini as already described by Black in Solea ('17, p. 526) (fig. 5 ). This tract is a small compact bundle which appears to be characteristic of this nerve in teleosts as indicated by Black ('17, p. 526) .2) Tracing more ,caudally, at the level of the middle segment of the motor facial nucleus, the fibers of the lateral-line component of the facial nerve enter the lateral border of the medulla oblongata, and the fibers of the sensory facial root ascend dorsomedially (comp . fig. 5 ).
Tracing more caudally, at the caudal segment of the cerebellar crest, the compound fibers of the sensory glossopharyngeal and the vagus nerves enter the lateral area of the medulla oblongata at its dorsolateral periphery.
The lateral-line component of the facialis lies ventral to the entrance region of the sensory vagus root ( fig . 6 ).
Tracing more caudally, at the level of the cephalic segment of the nucleus ambiguus, the efferent fibers of the vagus nerve arise from the latter nucleus and run lateroventrally passing through the transections of the descending trigeminal tract ( fig. 7 ) . In this sec-2) This peculiar geniculate course of the motor X root has been described , also b y Mayser in certain cyprinoids, by Herrick in Menidia, and in Hypoglossus, Rhomus, Pleurorectes and Tinca by K a p p e r s, who recently has restudied the question of the course of the motor glossopharyngeus and its relation to the motor VII nucleus in these forms (B I a c k, '17, pp. 526-527). tion, the sensory fibers of the vagus enter the brain and furthermore elongate dorsomedially penetrating the secondary gustatory tract inorder to enter the vagal lobe. In this section, the fibers of the lateral-line component of the vagus nerve distinctly ascend along the outer side of the dorso-lateral funiculus.
The rostra' portion of the visceral commissura infima begins to appear at the median line of the dorsal ventricular wall. Tracing more caudally, at the level of the visceral commissural nucleus, the motor fibers of the vagus nerve arise from the nucleus ambiguus, and run ventrolaterally passing through the cross-sections of the descending trigeminal tract.
The lateral-line component of the vagus nerve ascend dorsomedially along the periphery , of the fasciculus dorso-lateralis inorder to consist of a part of the commissura infima, especially the sometic commissura infima ( fig. 8 ). The visceral commissural nucleus is made of small cells which are chiefly distributed in the periphery of this nucleus area being pierced with the fine medullated fibers of the somatic commissura infima as described by Herrick ('06, p. 409) in Ameiurus. This nucleus, first described in the mammals by C a j a 1 ('96, p. 46), is very large in all fishes having large gustatory centers (H e r r i c k, '06, p. 40').
Tracing more caudally, at the level of the cephalic end of the funicular nuclei, the fibers of the secondary tactile tract enter the lobus vagi medialis and the fibers of the lateral-line component of the vagus nerve ascend dorsomedially to compose of the somatic commissura infima passing through the fasciculus dorso-lateralis ( fig.  9 ). In this section, the feeble fibers of the visceral commissura infima cross the ventromedial line of the cephalic area of the funicular nucleus.
Tracing more caudally, the tractus funiculo-ambiguus, which connects the nucleus funiculus medialis and the nucleus ambiguus, is distinctly found as an arcuate bundle ( fig. 10 ). In this section, the slender fibers from the lobus vagi medialis pass ventromedially to compose of the visceral commissura infima.
Tracing more caudally, at the level of the cephalic end of the nucleus ambiguus, the visceral commissura infima is feebly composed of the fibers which arise from the lobus vagi medialis.
The visceral commisshra infima is composed of the fibers which directly arise from the vagal lobe ( fig. 11 ). The somatic commissura infima is somewhat richly distributed as compared with those of the visceral one ( fig. 12) . Tracing more caudally, the somewhat thick fiber bundle Contributions to the neurobiological study on the visceral 5 originated in the lateral funicular nucleus descends ventromedially to compose of the somatic commissura infima.
2. Findings based on the serial horizontal series At the level of the commissure of the superior gustatory nuclei, the motor nucleus of the facialis is well developed and the thick fibers of the efferent facial fiber arise from this nucleus ( fig. 13) . In this sections, the fibers of the ascending gustatory tracts from both of the facial and the vagal lobi take the similar course dorsomedialward along the ventricular wall. In the more spinalward of the same section, both the sensory facial root and the lateral-line component of the facialis enter the medulla oblongata.
The former runs dorsocaudally to disperse in the lobus vagi lateralis and the latter ascends dorsomedially along the periphery of the just described vagal lobe ( fig. 14) . The radix descendens nervi trigemini extends longitudinally to terminate in the nucleus of the spinal trigeminal tract.
Medial, to the latter tract, there are found numerous crosssections of the descending secondary gustatory tract from the vagal lobe. They are transversally arranged having a short distance among them. The visceral commissural nucleus and the visceral commissure are well recognized and the same with the somatic commissura infima which is composed of fibers from the lobus vagi medialis.
Tracing more ventrally, at the level of the entrance of the radix descendens nervi trigemini, the fibers of the sensory facial root enter the brain and extensively spread (figs. 15 and 16). In this section ,. the fibers of the communis root of the facial nerve ascend dorsomedially for the lobus vagi medialis along the ventricular wall . In the intermediate zone between the afore-said fiber bundle and the radix descendens nervi trigemini, there are found several cross-sections of the ascending secondary gustatory tract from the vagal lobe . The lateral-line component of the facialis extends spinalward . The compound fibers of the sensory root of the glossopharyngeus and the vagus enter the medulla oblongata.
Tracing more ventrally, at the level of the radix descendens nervi trigemini, the thick fiber bundle of the sensory facial root enters the medulla oblongata , and the lateral-line component of the facialis extends spinalward along the surface of the tuberculum acousticum ( fig. 17) . In this section , the fibers of the ascending secondary gustatory tract from the facial lobe run dorsomedially to cross the midline.
Numerous cross-sections of the descending gustatory tract from the vagal lobe can be found medial to the spinal trigeminal tract.
In the same section, the roots of the glossopharyngeus and the vagus begin to appear at the surface of the medulla oblongata.
Tracing more ventrally, at the level of the middle segment of the nucleus ambiguus which is composed of large cells, the motor fibers of the vagus arise from this area ( fig. 18 and 19) . In this section, the lateral surface of the vagal lobe is occupied with the longitudinal fiber bundle of the spinal trigeminal tract and the fibers of the sensory vagus root medial to the former tract.
Moreover, numerous cross-sections of the ascending secondary gustatory tract from the vagal lobe are longitudinally arranged lateral to the nucleus ambiguus.
Tracing more ventrally, at the level of the visceral commissural nucleus or the nucleus of Cajal, the fibers of the visceral commissura infima cross the midline as a diffused commissure.
The fibers of the descending secondary gustatory tract which arise from the vagal lobe and stream the commissural nucleus of Cajal ( fig. 20) are made of a part of the somatic commissura infima. In this section, the nucleus ambiguus is well developed, and the medium-sized cells of the nucleus of the fasciculus solitarius are distributed around the latter fascicle.
Tracing more ventrally, at the level of the most caudal segment of the nucleus ambiguus, both of the visceral and somatic commissura infima are finely crossed at the midline ( fig. 21 ). The somatic commissura infima is rather rich in fiber element than that of the visceral commissura infima. The somatic commissura infima is compound of the fibers from the vagal lobe and also from the funicular nuclei.
Tracing more ventrally, the commissura infima is composed of maximal visceral and minimal somatic elements and also with a few of the commissura dorsalis ( fig. 22 ). In this section, the spinal trigeminal nucleus which is the end nucleus of the spinal trigeminal tract is clearly observed.
III. Concluding Remarks
The motor trigeminal nucleus is composed of two groups as described by Black ('17) iii Solea vulgaris and Bar t e 1 m e z ('15) in Ameiurus melas. The dorsal nucleus occupies a position in the ventricular gray just dorsal to the tractus spino-et bulbo-tectalis.
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The ventral nucleus indicates a caudoventral extension of the dorsal component.
In Mugil cephalus, unlike Solea, the dorsal nucleus is somewhat larger than the ventral nucleus.
The efferent fibers of this nucleus pass ventrolaterally through the fasciculus longitudinalis lateralis, medial to the descending trigeminal root, and then emerge from the medulla oblongata dorsal to the well developed sensory trigeminal root in the ventricular gray, lateral to the most dorsal fibers of the fasciculus longitudinalis medialis. The compact bundles from the nucleus turn outside over the radix descendens nervi trigemini and then reach the lateral surface of the medulla oblongata.
The motor glossopharyngeal nucleus is ill developed in Mugil cephalus and so the case with the lobus glossopharyngeus. This nucleus is situated ventrolateral to the fasciculus longitudinalis medialis.
The efferent tract is a small compact bundle which appears to be characteristic of this nerve and extends laterad and ventrad to the descending trigeminal root as shown by Black in Solea vulgaris.
The motor vagus nucleus indicates a distinct nuclear mass of large cells, the nudleus ambiguus.
The cells of this nucleus extend to a considerable distance along the ventricular wall between the sulcus limitans and the overhanging acoustico-lateral area and the cerebellum.
The efferent rootlets which arise from this nucleus run ventrolaterally passing through the cross-sections of the secondary gustatory tract, and then emerge ventral to the descending trigeminal root and below their corresponding sensory root as described by Black in Solea.
• The radix descendens nervi trigemini is a large compact bundle and is made of two fiber elements of the pars maxillo-mandibularis and the pars ophthalamicus (comp. A .r i ens K a p p e r s, Huber and Cr o s b y, '36, p. 384 and fig. 161 ). Some of the fibers of this tract enter the nucleus of the spinal trigeminal tract and most of them elongate caudad as the longitudinal bundle of the spinal trigeminal tract, but have no direct relation with the fasciculus solitarius.
The facial lobe is quite primitive, being not much more than a thickening in the periventricular gray as described by B a r n a r d in the trout and also the same with the glossopharyngeal lobe . The compound bundle of the somatic and visceral afferent facial roots enters the medulla oblongata at the posterior border of the motor root of the facialis as indicated by Norris ('25 , p. 358) ('36, p. 538) in the carp. A few of the facial root fibers end in the cephalic portion of the visceral afferent area. A somewhat large number of the sensory facial rootlets which take a cephalic course from the peri ventricular gray of the visceral afferent area run dorsomedially to compose the communis root of the facialis.
This contribution to the secondary ascending tract is the largest one as assumed by Barnard ('36) in the trout.
The arcuate fibers of the sensory facial nerve reach the midline and cross as a short distance laterally and then dip sharply ventrally into the nucleus reticularis medialis of the opposite side . The lateral-line component of the facialis run dorsomedially along the dorsolateral border of the medulla oblongata for the acousticolateral area and the lobus vagi lateralis, and finally extend to compose a part of the somatic commissura infima Halleri.
The visceral afferent vagus is so numerous and so densely packed with fibers which are small and not very heavily medullated as observed by Barnard in Cyprinus carpio. They run dorsally along the entire lateral aspect of the vagal lobe wherein they terminate or extend dorsomedially passing through the vagal lobe. The lateralline component of the vagus enters the medulla oblongata caudad to the entrance of the visceral afferent vagus root, and run dorsocaudally along the acoustico-lateral area. The communis root of the secondary gustatory tract is extraodinarily well developed with fibers of the visceral afferent facialis , glossopharyngeal and the vagus nerves, but its constitution is unable to be distinguished from each other. The commissura infima Halleri is made of maximal visceral and minimal somatic elements and the same with a few of fibers of the commissura dorsalis.
The visceral commissural nucleus is indicated as a large enlargement which is arranged superficially with small cells. L a n d a c r e, F. L. 1907 
